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The conversion of potassium aryl triﬂuoroborates containing different functionalities into the corre-
sponding aryl amines using a catalytic amount of CuSO45H2O is described. The methodology uses water
as a solvent under aerobic conditions to give the products in good yields.
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ArFG B(OH)2Aryl amines are important building blocks in pharmaceutical,
agrochemical, and polymer industries.1 The most common ap-
proach to prepare this class of compounds generally relays on
the use of transition-metal catalysts to promote the coupling reac-
tion of aryl halides with ammonia or ammonia derivatives.2
Several others methods based on the metal-catalyzed reduction
of nitro aryl3 or aryl azides4 by hydrogenation, electrochemical,5
and hydride transfer conditions6 were also described. For econom-
ical and practical reasons, the use of ammonia is the most conve-
nient and efﬁcient approach. However, the synthesis of aniline
derivatives using ammonia has several drawbacks such as the
ligand displacement from the catalyst by ammonia to form catalyt-
ically unreactive species,7 harsh reaction conditions, and the
formation of undesirable diaryl and triaryl amines by-products.8
Although the aryl halides are still the main substrates to
perform the reaction, boronic acids are also particularly attractive
synthetic intermediates9 due to their unique properties as mild or-
ganic Lewis acids and lower reactivity. However, the tricoordinate
nature of these compounds makes them moisture sensitive, limit-
ing its application in multistep sequences. In addition, boronic
acids possess some limitations such as the difﬁculty to purify
and some uncertainty about stoichiometry, due to the formation
of boroximes.10
Organotriﬂuoroborates have proven to be a good option to
replace boronic acids and boronate esters in transmetallation reac-
tions, providing many advantages over the latter reagents.11 They
are very useful reagents for C–C bond formation12 and there arell rights reserved.
x: +55 81 2126 8442.
veira).many possibilities of functional group interconversion reactions
involving these compounds including the syntheses of aldehydes,13
ketones,14 alcohols,15 alkynes,16 and alkenes,17 all containing the
organotriﬂuoroborate moiety, which can be later used in Suzuki–
Miyaura type couplings.
The complete characterization of these salts, including hetero-
nuclei NMR analysis, has proven to be possible since better NMR
pulse sequences were developed, allowing the acquisition of new
data related to 19F–11B coupling constants.18 In addition, exact
mass measurements were obtained for a variety of potassium
organotriﬂuoroborates using a sector ESI mass spectrometer.19
It is also important to emphasize the recent interest on biolog-
ical activities and toxicological data related to these salts. It is al-
ready described that organotriﬂuoroborates may act as serine
protease inhibitors,20 growth inhibitors on human tumor cell
lines,21 and some of them appear to have antinociceptive activity.22
Herein, we wish to describe an environmentally benign reaction
for the synthesis of aryl amines based on the reaction of potassium
aryl triﬂuoroborates and aqueous ammonia under aerobic condi-
tions catalyzed by copper (II).
The potassium organotriﬂuoroborates 2a–j used in this study
were prepared from the corresponding boronic acids 1a–j using0 C1a-j
2a-j
80-94%
Scheme 1.
Table 2
Aryl amines (3) prepared from the copper-catalytic amination of ArBF3K (2)
Ar
NH4OH (aq.)
CuSO4. 5 H2O (10 mol%)
NaOH, 25oC, 24h
FG BF3K ArFG NH2
Entry FG-Ar-BF3K FG-Ar-NH2 Yielda (%)
1 2a BF3K 3a NH2 75
2 2b BF3KBr 3b NH2Br 80
3 2c BF3KF 3c NH2F 85
4 2d
BF3KNC
3d
NH2NC
88
5 2e
BF3KO2N
3e
NH2O2N
90
6 2f BF3K
O
3f NH2
O
92
7 2g
BF3K
O
3g
NH2
O
50
8 2h
BF3K
3h
NH2
83
9 2i BF3K 3i NH2 40
10 2j BF3KMeO 3j NH2MeO —
b
a Isolated yield.
b The corresponding product was not observed.
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ﬁrmed by 1H, 13C, 11B, and 19F NMR analysis (Scheme 1).
Our initial studies focused on the development of an optimum
set of reaction under green chemistry conditions. For this purpose,
potassium 3-nitro-phenyltriﬂuoroborate (2e) (0.25 mmol) was
treated with different catalysts at 25 C for 24 h and aqueous
ammonia (4 mL of a 28–30% solution) was used as amino group
source with sodium hydroxide (3 equiv) as base. The obtained
product 3e was characterized by 1H and 13C NMR. The results are
described in Table 1.
As shown in Table 1, the use of copper (II) salts gave the corre-
sponding product in moderate to good yields (Table 1, entries 2–7).
The best results were obtained when CuSO45H2O was used in con-
centrations of 10 and 20 mol %, 3e being obtained in high yields in
both cases. When Cu(OAc)2 was used as a catalyst lower yields
were observed (Table 1, entries 5–7).
When the reaction was performed with Pd(OAc)2 no product
was observed in the applied concentrations, probably due to the
formation of catalytically unreactive species with ammonia. All
reactions were monitored by 1H NMR until the disappearance of
the starting material which was accomplished after 24 h.
In this way, the suitable catalyst for the proposed reaction was
CuSO4. 5H2O in a concentration of 10 mol %. By extending the reac-
tion conditions to other potassium aryl triﬂuoroborates, various
functionalized aryl amines were obtained in moderate to good
yields (Table 2) and the formation of the products was conﬁrmed
by the analysis of the 1H and 13C NMR spectra.
Inspection of Table 2 shows that the method is tolerant to a
wide range of functional groups, being more efﬁcient when elec-
tron-withdrawing and neutral groups were present in the starting
potassium aryl triﬂuoroborate. Thus, substrates with the ring con-
taining halogens and cyano, nitro, acetyl, and formyl groups gave
the corresponding functionalized aryl amines in good to moderate
yields (Table 2, entries 1–6).
The applications of naphthylamines in the dyestuff industry24
and in heterocyclic chemistry as building blocks25 are well known
and the development of efﬁcient synthetic methods to prepare this
class of compounds is of great interest. In this context, compound
3h was prepared in good yield and high purity using the reaction
conditions (Table 2, entry 8).
When a sterically hindered di-ortho-substituted aryl triﬂuorobo-
rate2iwasused, the correspondingaryl aminewasobtained inmod-
erate yieldproving, in this case, that the reaction is not only sensitive
to the electronic, but also to steric effects (Table 2, entry 9).
When the electron-donating potassium aryl triﬂuoroborate
2j was used, the corresponding product 3j was not observed
(Table 2, entry 10).Table 1
Amination of potassium aryl triﬂuoroborates using aqueous ammonia: inﬂuence of
catalyst
NH4OH, NaOH
catalyst, 25oC, 24h
BF3K NH2
2e 3e
O2N O2N
Entry Catalyst (mol %) 3e (%)
1 — 0
2 CuSO45H2O (5) 50
3 CuSO45H2O (10) 90
4 CuSO45H2O (20) 90
5 Cu(OAc)2 (5) 50
6 Cu(OAc)2 (10) 60
7 Cu(OAc)2 (20) 65
8 Pd(OAc)2 (5) 0
9 Pd(OAc)2 (10) 0
10 Pd(OAc)2 (20) 0Recently, the kinetics of hydrolysis of RBF3K to the correspond-
ing boronic acids in the presence and absence of base, buffers, and
glass were studied in detail by Lloyd-Jones and co-workers in the
context of their application in Suzuki–Miyaura coupling.26 They
observed that electron-rich aryl triﬂuoroborates undergo fast or
very fast hydrolysis, while electron-poor aryl triﬂuoroborates are
hydrolyzed very slowly.
In our case, this observation together with the fact that elec-
tron-rich aryl boronic acids can undergo a protodeboration
reaction via a SE2 mechanism, the proton transfer being the rate–
determining step followed by the rapid ionic cleavage of C–B
bond,27 that could explain the results observed in Table 2, where
better yields were observed when electron-withdrawing groups
were present in the aromatic ring.
In summary, we have demonstrated that the potassium aryl tri-
ﬂuoroborates are useful substrates for the synthesis of the corre-
sponding aryl amines in good yields under mild conditions. The
green methodology is simple,28 uses water as solvent, low catalyst
loading, and is synthetically useful while it could be applied for the
synthesis of more complex aromatic amines.
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